Background To investigate the underlying mechanism of S100A4 function and whether it has a role in retinal neovascularization (RNV) in a mouse model of oxygen-induced retinopathy (OIR). Methods Retinas from a mouse model of OIR were treated with and without an intravitreous injection of adenoviral-S100A4-RNAi or adenoviral green fluorescence protein (GFP) at postnatal day 12 (P12). At P17, the efficacy of adenoviral gene transfer was assessed using fluorescence microscopy and western blot analysis. RNV was evaluated by wholemount immunofluorescence staining of the mouse retina and by counting the number of pre-retinal neovascular cells. Protein and mRNA expression levels of S100A4, brainderived growth factor (BDNF), and vascular endothelial growth factor (VEGF) were measured using western blot analysis and real-time PCR. Results Retinal S100A4 levels were positively correlated with the progression of RNV. In the OIR-S100A4-RNAi group, both protein and mRNA expression levels of S100A4 in the retina significantly decreased at P17 compared with those in the OIR group. Ad-S100A4-RNAi transfer was clearly demonstrated by GFP fluorescence in many layers of the retina 5 days after the Ad-S100A4-RNAi transfer. Whole-mount immunofluorescence staining of the retina and quantification of the pre-retinal neovascular cells demonstrated that RNV was significantly inhibited. Meanwhile, the levels of the transcription and translation of BDNF,
Introduction
Retinal neovascularization (RNV) is the common pathophysiological basis of all retinal vascular diseases and is a complex process and major cause of blindness in developed countries. 1, 2 Ischaemia-induced retinopathy is clearly a primary aetiological factor associated with RNV. 3 Laser photocoagulation is usually clinically applied to inhibit the development of RNV and has shown some therapeutic effects. 4 However, laser treatment only delays the progression of lesions and may potentially further damage retinal tissue, leading to the side effects including diminished night vision, reduced peripheral vision, and decreased visual acuity. 5 During the last decade, there has been a noticeable improvement in the understanding of the underlying molecular and cellular mechanisms of RNV. This has been essential for the identification and introduction of new therapeutic interventions designed to suppress this process. Antiangiogenic strategies involving intravitreal injections of anti-vascular endothelial growth factor (VEGF) and the administration of anti-PDGF agents have emerged as valuable new therapies for ocular neovascularization. 6, 7 Therefore, a new challenge has arisen to identify the other major factors involved in RNV and to develop new treatments. In searching for potential targets to treat oxygen-induced ischaemic retinopathy, the protein S100A4 attracted our attention. S100A4, a calcium-binding protein, is localised in the nucleus, cytoplasm, and extracellular space and possesses a wide range of biological functions, such as the regulation of angiogenesis, cell survival, motility, and invasion. 8 In previous works, S100A4 was established as a marker and mediator of metastatic disease. One of the mechanisms responsible for its metastasis-promoting effects is its function as a potent stimulator of angiogenesis, which is based on observations in transgenic mice. [9] [10] [11] However, the role and mechanism of S100A4 in RNV have not been characterized.
In the present study, adenoviral-mediated S100A4 RNAi transfer was used to silence S100A4 gene expression in the retinas of an oxygen-induced retinopathy (OIR) mouse model, and for the first time, we showed that the silencing of S100A4 gene expression significantly ameliorated RNV.
Materials and methods

Ethics statement
This study was carried out in strict accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of Wuhan University. The protocol was approved by the Committee on the Ethics of Animal Experiments of Wuhan University. All surgeries were performed using sodium pentobarbital anaesthesia, and all efforts were made to minimise suffering.
Recombinant adenoviral vector construction
Small interfering RNA (siRNA) is a non-protein coding string of nucleotides that originates from invading viruses, transgene inverted repeats, centromeres, transposons, and other receptive sequences. siRNA is thought to be an RNAbased immune mechanism that fights off nucleic acid invaders and maintains genome stability. 12 In our study, two recombinant adenoviral vectors based on the GV120 vector ( Figure 1a ; purchased from GeneChem Co, Ltd, Shanghai, China) were constructed to silence the mouse S100A4 gene (Ad-S100A4-RNAi) and to express the green fluorescence protein gene (Ad-GFP; negative control). The target sequence is 5′-TGA GCA ACT TGG ACA GCA A-3′,  and the negative control sequence is 5′-TTC TCC GAA  CGT GTC ACG T-3′. The stock solutions of Ad-S100A4-RNAi and Ad-GFP were 2 × 10 12 PFU per ml. A working solution was prepared to make 1 μl of vehicle containing 1.0 × 10 9 PFU.
Mouse model of OIR
Pregnant female C57BL/6J mice were provided by the Laboratory Animal Center of Wuhan University. All experiments were conducted in accordance with the Association for Research in Vision and Ophthalmology Resolution on the Care and Use of Laboratory Animals. The mouse model of OIR exposes 7-day-old (P7) mouse pups to 75 ± 2% oxygen for 5 days (until P12). This results in the regression and vaso-obliteration of the central retinal vasculature. The mice are then returned to room air until P17, during which time neovessels form at the junction between the vascularises and non-vascularises retina. As described above, this model is useful in delineating the mechanisms involved in initial vessel loss (P7-P12), vascular regrowth (P12-P17), neovessel formation (P14-P17), and neovascular regression (P17-P25). 13 The experimental mice were randomly divided into four groups: the normal control group (the control group), the untreated OIR group (OIR group), the OIR treated with Ad-S100A4-RNAi group (the OIR-S100A4-RNAi group), and the OIR treated with Ad-GFP group (the OIR-GFP group). In the control group, newborn mouse pups were maintained in room air from P0 to P17. In the OIR group, OIR was induced in C57BL/6J mouse pups from P7 to P17. In the OIR-S100A4-RNAi group and OIR-GFP group, the OIR induction protocol was the same as in the OIR group. Then, the mice were given an intravitreal injection of 1 μl of vehicle containing 1.0 × 10 9 PFU of Ad-S100A4-RNAi or Ad-GFP at P12 and returned to normoxia for the next 5 days. Mice in all four groups were killed at P17, and retinas were collected for biochemical assays and morphological studies.
Intravitreous injection of recombinant adenoviral vectors in mice
A Harvard pump microinjection apparatus and pulled glass micropipettes were used for precise intravitreous injections. 14 After anaesthetisation with 2% isoflurane, one drop of 0.5% alcaine was applied to the mouse eyes as a topical anaesthetic before intravitreous injection. The mouse was positioned properly, and the superior nasal region of the eye was exposed. Each micropipette was calibrated to deliver 1 μl of vehicle containing~1.0 × 10 Figure 1 Schematic representation of the GV120 plasmid and the efficacy of Ad-S100A4-RNAi transfer into the mouse retina. (a) ITR, inverted terminal repeat; PhU6, human U6 promoter; MCS, multiple cloning site; AgeI, restriction enzyme; EcoRI, restriction enzyme; PUbi, ubiquitin promoter; GFP, green fluorescent protein; Poly A, SV40 polyadenylation signal; Ori, Escherichia coli origin of replication; Amp, ampicillin resistance sequence. Ad: mouse S100A4 RNAi coding sequence. (b1, b2) The Ad-S100A4-RNAi transferred into the retina of a P12 C57BL/6J mouse 5 days after the intravitreal injection of~1.0 × 10 9 plaque-forming units of Ad-S100A4-RNAi. Retinas were obtained from the control group and OIR-S100A4-RNAi group mice for cryosection, which were immunostained with an antibody for GFP and observed using fluorescence microscopy. Fluorescence of GFP can hardly be seen in retina cryosections from the control group (b1) (treated with nothing) but can be easily observed in the ganglion cell layer (GCL), inner plexiform layer (IPL), inner nuclear layer (INL), and the outer plexiform layer (OPL), and less easily observed in the outer nuclear layer (ONL) of retinas from the OIR-S100A4-RNAi group (b2) (treated with Ad-S100A4-RNAi). Images b1 and b2 were taken at 400 × magnification for optimal comparison; scale bars = 50 μm.
PFU of Ad-S100A4-RNAi or Ad-GFP into the posterior chamber. After the intravitreous injection, we applied ophthalmic Tobrex ointment to the mouse eye to prevent infection. 15 
Fluorescence microscopy after intravitreal injection
To examine the transfection effect of Ad-S100A4-RNAi on the retina, 5 days after intravitreal injection of the Ad-S100A4-RNAi or Ad-GFP vector, the mice were killed to collect the retinas for cryosections. Specimens were processed as described previously. 16 The eyecups were embedded in OCT compound (Tissue-Tek, Sakura, Torrance, CA, USA) and were vertically sectioned with a 12-μm thickness using a Leica CM1900 cryostat (Leica, Wetzlar, Germany). The sections were mounted on polylysine-coated slides. The sections of the midperipheral retina (0.6 mm from the optic disk) were immunostained with an anti-GFP antibody (ab190203, Abcam, Cambridge, UK) and then used for fluorescence microscopy.
Quantification of RNV by whole-mount immunofluorescence staining of the mouse retina
Whole-mount retinal staining was performed following the previously described protocol. 17 Enucleated eyes were fixed in 4% PFA for 1 h. The anterior segment of the eye and vitreous humour were removed. The retinas were dissected from the sclera and flattened on a glass slide with four radial incisions reaching~2/3 of the radius of the retina to create a 'petal' shape. Then, the retinas were gently rinsed in PBS for 5 min and blocked in buffer containing 5% bovine serum albumin (BSA) and 0.2% Triton X-100 in PBS for 1.5 h at room temperature. Retinas were incubated for 3 days with Griffonia simplicifolia isolectin B4 conjugated to Alexa Fluor 594 (1 : 200, Invitrogen, Carlsbad, CA, USA, 121413) and mounted in anti-fade mounting medium. Images were captured using a fluorescent microscope.
Adobe Photoshop CS3 (San Jose, CA, USA) was used for the quantification of vaso-obliteration and NV, which was processed as previously described. 13 Quantitative assessment of RNV by the counting of pre-retinal neovascular cells P17 mice were anaesthetised and killed by perfusion with 4% PFA. Eyes were enucleated, and they then received additional fixation in 4% PFA for 24 h at room temperature and were embedded in paraffin. Serial sections (6 μm) of whole eyes were sagittally cut through the cornea and parallel to the optic nerve and stained with periodic acid-Schiff and haematoxylin. 18 Only sections through the optic nerve were selected. Nuclei from new vessels and vessel profiles could be distinguished from other structures in the retina and counted in cross-section using light microscopy.
Western blot analysis
Western blotting was performed according to the standard protocols. 19 Retinas from P17 mice were prepared for protein extraction; then, the total protein concentration was measured using a BCA Protein Quantification Kit (Abcam, ab102536) according to the manufacturer's recommendations. Proteins were separated by 12% SDS-PAGE and transferred to polyvinylidene fluoride membranes. The membrane was blocked with 5% non-fat milk or 5% BSA (depending on the antibody) in Tris-buffered saline containing 0.1% Tween 20 (TBST) for 2 h at room temperature. After washing with TBST for 10 min (three times), the membrane was incubated with primary antibody diluted in the blocking solution overnight at 4°C. The primary antibodies used in our study were the following: rabbit polyclonal antibody against S100A4 (S100A4, 1 : 100, Abcam, ab27957), rabbit monoclonal antibody against brain-derived neurotrophic factor (BDNF, 1 : 1000, Santa Cruz, Dallas, TX, USA, sc-546), rabbit monoclonal antibody against VEGF (1 : 1000, Santa Cruz, sc-507), and mouse monoclonal antibody against β-actin (β-actin, 1 : 10 000, Abcam, ab6276). The membrane was washed thoroughly with TBST for 10 min (three times), and then incubated with HRP-conjugated goat anti-rabbit or goat anti-mouse IgG (1 : 1000, PTGLab, Rosemont, IL, USA) for 2 h at room temperature. The immunoreactive bands were developed with enhanced chemiluminescence and detected by photographic film. To estimate the molecular weight of proteins, a prestained marker (Fermentas, Baltimore, MD, USA) was used. Protein levels were quantified using densitometry via Quantity One software (Bio-Rad Laboratory, Hercules, CA, USA) for analysis.
Real-time PCR
Total RNA was extracted from the frozen retina tissue using Trizol reagent (Invitrogen, 15596-026) according to the manufacturer's instructions. cDNA synthesis was conducted according to the RNA PCR core kit (Invitrogen, N8080143) protocol. β-Actin was used as a normalising control. The primer sequences were S100A4: 5′-GTG TCC ACC TTC CAC AAA TAC TCA-3′ (forward) and 5′-ACT TCA TTG TCC CTG TTG CTG TC-3′ (reverse); BDNF: 5′-GAG TGG GTC ACA GCG GCA GAT AA-3′ (forward) and 5′-ATA CGA TTG GGT AGT TCG GCA TT-3′ (reverse); VEGF: 5′-CAG GCT GCT GTA ACG method. 20 
Statistical analysis
All values are given as the mean ± SD. Group differences were analysed with one-way ANOVA followed by Bonferroni post-test. P-values o0.05 were considered statistically significant.
Results
Efficacy of Ad-S100A4-RNAi transfer into the mouse retina
Fluorescence microscopy was used to estimate the transfection effect of Ad-S100A4-RNAi in the mouse retina. Fluorescence microscopy of retinal sections revealed that Ad-S100A4-RNAi was clearly present in the ganglion cell layer (GCL), inner plexiform layer (IPL), inner nuclear layer (INL), outer plexiform layer (OPL), and less strongly in the outer nuclear layer (ONL) of the retina. Mouse retinas treated with intravitreous injections of Ad-GFP showed the same amount of fluorescence in the GCL, IPL, INL, OPL, and ONL as retinas transfected with Ad-S100A4-RNAi. In the control group without intravitreous injection, no positive amount of fluorescence was detected (Figure 1b1 and b2) .
Change in S100A4 protein and mRNA levels after Ad-S100A4-RNAi transfer into the mouse retina
Western blot analysis showed that the S100A4 protein levels were substantially reduced in the OIR-S100A4-RNAi group (0.26 ±0.05) compared with those in the control group (1.05 ± 0.19, t = 3.61, Po0.05), OIR group (2.76 ± 0.47, t = 11.49, Po0.05), and OIR-GFP group (2.35 ± 0.15, t = 9.59, Po0.05). (Figures 2a and b) . Real-time PCR assays further confirmed that the mRNA expression levels of S100A4 decreased in the OIR-S100A4-RNAi group (0.18 ± 0.08) compared with those in the control group (0.62 ± 0.05, t = 9.02, Po0.05), OIR group (1, t = 16.91, Po0.05), and OIR-GFP group (0.92 ± 0.06, t = 15.15, Po0.05; Figure 2c ). The results suggested that Ad-S100A4-RNAi transfer can efficiently silence S100A4 gene expression at both the levels of transcription and translation.
Effects of Ad-S100A4-RNAi transfer on oxygen-induced ischaemic RNV
To assess whether Ad-S100A4-RNAi transfer suppresses oxygen-induced RNV, we examined the retinal vasculature in all four groups using immunofluorescence staining of the vasculature on retinal flat mounts at P17. The results revealed a significant neovascularization in the whole-mounted retinas from the OIR group and OIR-GFP group (Figures 3c and d) . In contrast, less severe neovascular tufts and vaso-obliteration areas were developed in retinas from the OIR-S100A4-RNAi group (Figure 3b) . Retinas from control group mice showed no neovascularization and vaso-obliteration (Figure 3a) . The extent of RNV was quantified by measuring the area of neovascular tufts in retina whole mounts using Image J 1.48V software (NIH, Bethesda, MD, USA), which showed that the retinas from the OIR-S100A4-RNAi group had significantly smaller retinal neovascular tufts area than those in the OIR group (t = 8.78, Po0.05) and the OIR-GFP group (t = 10.24, Po0.05), respectively (Figure 3e ). In addition, to assess whether Ad-S100A4-RNAi transfer ameliorates the extent of vaso-obliteration in OIR, the vaso-obliteration areas in the central retina at P17 were measured by the same software, as previously described. In the OIR-S100A4-RNAi group, the vaso-obliteration areas were significantly smaller than those in the OIR group (t = 16.72, Po0.05) and the OIR-GFP group (t = 13.60, Po0.05; Figure 3f ). There was no obvious infection, inflammation, toxicity, or other damage related to the intravitreous injection and the dosage administered. Therefore, our results suggested that Ad-S100A4-RNAi transfer significantly reduced oxygen-induced ischaemic RNV and ameliorated hyperoxia-mediated vasoobliteration.
Reduced number of vascular cell nuclei on the vitreal side of the internal limiting membrane in the OIR model
To further confirm the effect of Ad-S100A4-RNAi transfer and determine the degree of oxygen-induced ischaemic RNV, we quantified the number of vascular cell nuclei on the vitreal side of the internal limiting membrane in serial paraffin cross-sections, a characteristic feature of the OIR model. 18 The results showed that the number of pre-retinal neovascular cell nuclei in retinas from the OIR-S100A4-RNAi group (4.25 ± 2.22) were significantly lower than those in the retinas from the OIR group (53.25 ± 9.03, t = 10.94, Po0.05) and OIR-GFP group (51.00 ± 8.60, t = 10.44, Po0.05; Figure 4a -e), which confirmed the antineovascularization effect of Ad-S100A4-RNAi transfer into the retina.
Mechanistic study
Ad-S100A4-RNAi transfer downregulates BDNF, VEGF, and HIF-1α protein expression.
We compared the expression levels of BDNF, VEGF, and HIF-1α in the four groups to investigate the inhibitory mechanism of Ad-S100A4-RNAi transfer in RNV. As shown by western blot analysis, protein levels of BDNF, VEGF, and HIF-1α in the OIR-S100A4-RNAi group were downregulated compared with those in the OIR group (t = 8.42, t = 6.11, t = 4.44, Po0.05) and OIR-GFP group (t = 9.05, t = 5.28, t = 5.82, Po0.05; Figures 5a and b) .
Ad-S100A4-RNAi transfer downregulates BDNF, VEGF, and HIF-1α mRNA expression
To further investigate the above changes, real-time PCR was used to analyse the mRNA levels of BDNF, VEGF, and HIF-1α. The results demonstrated that the mRNA levels of BDNF, VEGF, and HIF-1α significantly decreased in the OIR-S100A4-RNAi group compared with those in the OIR group (t = 3.05, t = 3.16, t = 3.50, Po0.05) and the OIR-GFP group (t = 3.67, t = 2.59, t = 2.84, Po0.05; Figure 5c ). In brief, the results suggest that the Ad-S100A4-RNAi transfer performed in the OIR mouse model may ameliorate RNV by downregulating the protein and mRNA levels of BDNF, VEGF, and HIF-1α. Figure 2 Change in S100A4 expression at the protein and mRNA levels after Ad-S100A4-RNAi transfer into the mouse retina. (a, b) Western blotting confirmed that protein levels of S100A4 were significantly lower in the OIR-S100A4-RNAi group mouse retinas compared with the OIR, OIR-GFP, and control group mouse retinas. The bands were quantified by densitometry and normalised to β-actin. Data were analysed as the mean ± SD. OIR-S100A4-RNAi group vs control group, *Po0.05; OIR-S100A4-RNAi group vs OIR group, ***Po0.05; OIR-S100A4-RNAi group vs OIR-GFP group, ***Po0.05. (c) Real-time PCR analysis further confirmed that mRNA levels of S100A4 in the S100A4 group were significantly lower than those in the control group, OIR group and GFP group mouse retinas. The relative amount of mRNA was normalised to β-actin. Data are shown as the mean ± SD. OIR-S100A4-RNAi group vs control group, ***Po0.05; OIR-S100A4-RNAi group vs OIR group, ***Po0.05; OIR-S100A4-RNAi group vs OIR-GFP group, ***Po0.05.
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Discussion
RNV is a serious ophthalmological complication and a major cause of visual impairment; it is observed in ischaemic retinopathies such as proliferative diabetic retinopathy, retinopathy of prematurity, central vein occlusion, and branch retinal vein occlusion. 21 Recently, new therapies have been developed to target the expression and activity of the pro-angiogenic cytokine VEGF, which, along with its receptors, has emerged as a key biochemical modulator of RNV. 22 Previous studies have shown that RNV is tightly associated with an increase in VEGF expression. 23 Therefore, the identification and therapeutic targeting of signalling pathways involved in the regulation of VEGF in the ischaemic retina could potentially block RNV. In searching for potential targets for RNV treatment, a member of the S100 family, S100A4, attracted our attention. S100A4, a member of the S100 family of EF-hand calcium-binding proteins, is a pro-angiogenic factor that directly participates in angiogenesis in other tissues, especially in tumour-associated angiogenesis, as well as in endothelial cell migration. 10, 11, [24] [25] [26] [27] [28] [29] This indicates that S100A4 could act in association with other angiogenic factors to achieve responses both in vitro and in vivo. Endothelial cells of retinal vessels normally have tight junctions that maintain the inner blood-retinal barrier (BRB). 30 During RNV, new retinal vessels are deficient in endothelial tight junctions, leading to retinal vascular hyperpermeability and inflammation that disrupt normal retinal tissue or function. 31 In the BRB, the main physical barrier is formed by retinal endothelial cells, which have a key role in the expression of S100A4 during RNV. 32 As for ocular neovascularization, Changyou Li et al 33 reported that S100A4 is involved in inflammatory corneal (e) Quantification of the neovascularization area in the retinas from the OIR-S100A4-RNAi group, OIR group, and OIR-GFP group. Retinal neovascularization was quantified by measuring the ratio of the neovascular tuft area to the total retinal area using Image J 1.48V software (NIH; mean ± SD). OIR-S100A4-RNAi group vs OIR group, ***Po0.05; OIR-S100A4-RNAi group vs OIR-GFP group, ***Po0.05. (f) Retinal vaso-obliteration areas were measured by calculating the ratio of the non-perfusion area to the total retinal area using Image J 1.48V software (NIH; mean ± SD). OIR-S100A4-RNAi group vs OIR group, ***Po0.05; OIR-S100A4-RNAi group vs OIR-GFP group, ***Po0.05.
neovascularization. Ahmed et al 34 found a significant correlation between the vitreous levels of S100A4 and those of the angiogenic biomarker VEGF. In addition, in our preliminary experiment, we found that the protein level of S100A4 was increased in the OIR group compared with the control group. These observations motivated us to examine a possible role for S100A4 in the retina by silencing it. However, whether S100A4 is involved in oxygen-induced ischaemic RNV had not been investigated in previous studies. In the present study, adenoviral-mediated S100A4 RNAI transfer was used to silence the S100A4 gene in the retina, and the results showed that neovascular tufts, vaso-obliteration areas and pre-retinal neovascular cells were all suppressed. These observations indicated that S100A4 functions as a pro-angiogenic factor in the RNV process. To figure out the probable mechanism, we evaluated the transcription and translation levels of BDNF, VEGF, and HIF-1α.
As previously described, RNV is tightly associated with an increase in VEGF expression. [35] [36] [37] Because to the identification of VEGF overexpression as a marker for RNV, we examined the expression level of this protein in mouse retinas from four groups and found its expression to be increased in the OIR mouse model and decreased in the OIR mouse model treated with Ad-S100A4-RNAi. This finding was consistent with those of Jose et al, 38 who reported that the exogenous addition of recombinant S100A4 increased cell migration by acting synergistically with VEGF. Therefore, we speculated that the silencing of the S100A4 gene may reduce VEGF expression at both the protein and mRNA levels. However, VEGF is a downstream factor regulating angiogenesis, which is also subject to upstream regulation. As a newly reported upstream regulator of VEGF, a role for BDNF during angiogenesis has recently emerged.
BDNF is reported to be an endothelial survival factor 39 that stimulates angiogenesis 40 and can increase levels of VEGF via HIF-1α. 41 In the present study, we evaluated the protein and mRNA levels of BDNF, VEGF, and HIF-1α to assess whether there is a quantitative change in the three factors before and after Ad-S100A4-RNAi transfer into the OIR mouse retina, which has not yet been studied. We found that the protein and mRNA levels of BDNF, VEGF, and HIF-1α were increased in the OIR group compared with the control group. According to previous studies, HIF-1α is a major regulator of VEGF 41 and can be activated by BDNF. We suggested that BDNF can upregulate VEGF expression via the activation of HIF-1α and promote RNV, which is consistent with the findings of Lin et al, 42 who claimed that BDNF increases VEGF expression and enhances angiogenesis in human chondrosarcoma cells. The average numbers of pre-retinal neovascularization cells (mean ± SD) of the control group, OIR-S100A4-RNAi group, OIR group, and OIR-GFP group were analysed using a one-way ANOVA test. OIR-S100A4-RNAi group vs OIR group, ***Po0.05; OIR-S100A4-RNAi group vs OIR-GFP group, ***Po0.05. Figure 5 Effects of Ad-S100A4-RNAi transfer on the retinal protein levels of BDNF and VEGF. (a, b) Retinal protein levels of BDNF, VEGF, and HIF-1α were measured by western blot analysis, which demonstrated that the protein levels of BDNF, VEGF, and HIF-1α were downregulated in OIR-S100A4-RNAi group than those in OIR and OIR-GFP group. BDNF: OIR-S100A4-RNAi group vs OIR group, ***Po0.05; OIR-S100A4-RNAi group vs OIR-GFP group, ***Po0.05; VEGF: OIR-S100A4-RNAi group vs OIR group, ***Po0.05; OIR-S100A4-RNAi group vs OIR-GFP group, ***Po0.05. HIF-1α: OIR-S100A4-RNAi group vs OIR group, ***Po0.05; OIR-S100A4-RNAi group vs OIR-GFP, group ***Po0.05. (c) Real-time PCR analysis of BDNF, VEGF, and HIF-1α expression further confirmed that mRNA levels of BDNF, VEGF, and HIF-1α significantly decreased in the OIR-S100A4-RNAi group compared with the OIR and OIR-GFP groups. BDNF: OIR-S100A4-RNAi group vs the OIR group, *Po0.05; OIR-S100A4-RNAi group vs OIR-GFP group, **Po0.05. VEGF: OIR-S100A4-RNAi group vs OIR group, *Po0.05; OIR-S100A4-RNAi group vs OIR-GFP group, *Po0.05. HIF-1α: OIR-S100A4-RNAi group vs OIR group, **Po0.05; OIR-S100A4-RNAi group vs OIR-GFP group, *Po0.05.
After silencing the S100A4 gene in retinas in the OIR mouse model, we found that the protein and mRNA levels of BDNF, VEGF, and HIF-1α significantly decreased compared with the OIR mouse model without any treatment. This finding may suggest that S100A4 functions as a pro-angiogenic factor and interacts with BDNF, VEGF, and HIF-1α to promote the RNV process at both the transcriptional and translational levels, which is partially consistent with Ahmed et al, 34 who claimed that S100A4 is upregulated in proliferative diabetic retinopathy and correlates with markers of angiogenesis.
Taken together, we come to the conclusion that Ad-S100A4-RNAi transfer ameliorates RNV in a mouse model of OIR. The related mechanism involves the silencing of S100A4, which decreases the activation of BDNF and downregulates VEGF expression via HIF-1α. More work should be done to better understand the detailed mechanism of S100A4 function, which could provide new therapeutic targets for the treatment of ocular neovascularization diseases.
Summary
What was known before K S100A4 promotes angiogenesis in tumour. BDNF/ HIF-1α/VEGF take part in angiogenesis in tumour.
What this study adds K S100A4 promotes RNV. BDNF/HIF-1α/VEGF take part in angiogenesis in RNV.
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